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LORDOTIC SPINAL IMPLANT 

CROSS-REFERENCE TO RELATED APPLICATIONS 
The present application is a continuation-in-part 
application of U.S. Serial No. 08/812,791^ filed March 6, 
1997, the entire disclosure of which is incorporated herein 
by reference. 



I. BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention pertains to spinal implants and 

surgical procedures for use in spinal stabilization. More 
15 particularly, this invention pertains to an apparatus and 
method for implanting a tapered implant between two 
vertebrae. 

2. Description of the Prior Art 

Chronic back problems can cause pain and 

20 disability for a large segment of the population. In many 
cases, the chronic back problems are attributed to relative 
movement between vertebrae in the spine. 

Orthopedic surgery includes procedures to 
stabilize vertebrae. Common stabilization techniques 

25 include fusing the vertebrae together. Fusion techniques 
include removing disk material which separates the 
vertebrae and impacting bone into the disk area. The 
impacted bone fuses with the bone material in the vertebrae 
to thereby fuse the two vertebrae together. 

30 To increase the probability of a successful 

fusion, spinal implants have been developed. Commonly 
assigned US Patent No. 5,489,307 discloses a hollow 
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threaded cylindrical implant. That patent also discloses a 
method of placing the implant between two vertebrae. 

The method of US Patent No. 5,489^307 discloses 
parallel distraction of opposing vertebrae prior to placing 
5 an implant. However, not all vertebrae are in parallel 
opposition. A normal and healthy spine has a natural 
curvature referred to as lordosis. As a result of the 
curvature, opposing vertebrae are positioned with their end 
plates in non-parallel alignment depending upon the 

10 position in the spine. For example, in the lumbar region 
of the spine, the end plates of the L-4 and L-5 vertebrae 
may be at an angle of about S^'-IS*'. Similarly, the 
opposing end plates of the L-5 and S-1 vertebrae may be at 
about 8°-16'' lordosis. The actual amount of lordosis 

15 varies with the location of the spine and varies from 

patient to patient. It is desirable to provide an implant 
which maintains or achieves a desired lordosis between 
opposing vertebrae and a method of placing the implant. 

II. SUMMARY OF THE INVENTION 

20 

According to one embodiment of the present 
innovation, a spinal implant is disclosed having a taper 
from a leading end to a trailing end equal to a desired 
lordosis. 

25 In an alternative embodiment, a spinal implant 

can have two tapers. According to this embodiment the 
implant has a first taper diverging away from the axis of 
the implant from the leading end to a terminal end. A 
second taper diverges away from the axis of the implant 

30 from the terminal end to the leading end. The tapers meet 
at the "'trailing end rise''. The "'trailing end rise" (TRE) 
and the terminal end are collectively referred to as the 
trailing end. In a preferred embodiment the implant has a 



2 




terminal end and a leading end which are of substantially 
equal diameters. 

The method of the invention includes placing a 
tapered distraction plug into the disk space between the 
5 vertebrae on one side of the vertebrae. On the opposite 
side of the vertebrae, a tapered tap is used to tap a 
thread pattern into the opposing vertebrae. The implant is 
placed into the tapped space. 

III. BRIEF DESCRIPTION OF THE DRAWINGS 
10 FIG. 1 is a right side elevation view of a 

lordotic implant according to the present invention (the 

opposite side being identical in appearance) ; 

FIG. 2 is an elevation view of a trailing end of 

the implant of FIG. 1; 

15 FIG. 3 is an end elevation of a leading end of 

the implant of FIG. 1; 

FIG. 4 is a top plan view of the implant of 

FIG. 1 taken 90** from the view of FIG. 1 (the opposite side 

being identical in appearance) ; 

20 FIG. 5 is a view taken along line 5-5 of FIG. 4; 

FIG. 6 is an enlarged cross-sectional view of 

thread detail of the implant of FIG. 1; 

FIG. 7 is a side elevation view of a distraction 

plug for use in the present invention; 

25 FIG. 7 A is a side elevation view of a tool for 

placing the plug of FIG. 7; 

FIG. 8 is a side elevation view of a pre-boring 

tool for use in the surgical method of the present 

invention; 

30 FIG. 9 is an elevation view of a distal end of 

the tool of FIG. 8; 

FIG. 10 is a side elevation view of guide pin for 
use with the pre-boring tool of FIG. 8; 
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FIG, 11 is a side elevation view of a tap 
according to the present invention; 

FIG. 12 is a view taken along line 12-12 of 

FIG, 11; 

FIG. 13 is a cross-sectional view of threads of 
the tap of FIG. 11; 

FIG. 14 is a side elevation view of a driver for 
use in the method of the present invention; 

FIG. 15 is a top plan view of the driver of 

FIG. 14; 

FIG. 15A is a side elevation view of a tool for 
holding the implant of FIG. 1 in , the driver of FIG. 15; 

FIG. 15B is a side elevation view of a tool for 
releasing the implant of FIG. 1 from the driver of FIG. 15; 

FIG. 16 is an elevation view of a distal end of 
the driver of FIG. 14; 

FIG. 17 is an enlarged cross-sectional view of a 
thread pattern on the driver of FIG. 14; 

FIG. 18 is a schematic side elevation view of 
vertebrae in the spine; 

FIG. 19 is a side elevation schematic view of 
opposing L-5 and S-1 vertebrae prior to the method of the 
present invention; 

FIG. 20 is the view of FIG, 19 following 
placement of the distraction plug of FIG. 7; 

FIG. 21 is the view of FIG. 20 showing boring 
with the tool of FIG. 10; 

FIG. 22 is the view of FIG. 21 showing tapping 
with the tool of FIG. 11; 

FIG. 23 is the view of FIG. 22 showing placement 
of the implant of FIG. 1; 

FIG. 24 is an anterior to posterior view of 

FIG. 23; 



FIG. 25 is a right side elevation view of an 
embodiment for a lordotic implant according to the present 
invention illustrating a first and second taper (the 
opposite side being identical in appearance) ; 
5 FIG, 26 is a top plan view of the implant of 

FIG. 25 taken 90° from the view of FIG. 25 (the opposite 
side being identical in appearance) ; 

FIG. 27 is a view taken along line 27-27 of 

FIG. 26; 

10 FIG. 28 is a right side elevation view of an 

alternative embodiment of a lordotic implant according to 
the present invention illustrating a first and second taper 
(the opposite side being identical) ; 

FIG. 29 is an elevation view of a terminal end of 
15 the implant of FIG. 25; 

FIG. 30 is an elevation view of a leading end of 
the implant of FIG. 25; 

FIG. 31 is a side elevation of an embodiment of a 
distraction plug of the invention (the opposite side being 
20 identical in appearance) ; 

FIG. 32 is a side elevation of the distraction 
plug of FIG. 31 rotated 90^ from the view of FIG. 31 (the 
opposite side being identical in appearance).; 

FIG. 33 is a frontal view of the leading end of 
25 the distraction plug of FIGs. 31 and 32. 

FIG. 34 is a side elevation of an alternative 
embodiment of a distraction plug of the invention (the 
opposite side being identical in appearance) ; 

FIG. 35 is a side elevation of the distraction 
30 plug of FIG. 34 rotated 90° from the view of FIG. 34 (the 
opposite side being identical in appearance) ; 

FIG. 36 is a frontal view of the leading end of 
the distraction plug of FIGs. 34 and 35; and 
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FIG. 37 is a top view of a T-device for removal 
of a distraction plug from a tool. 

IV, DESCRIPTION OF THE PREFERRED EMBODIMENT 

5 With reference now to the various drawing Figures 

in which identical elements are numbered identically 
throughout, a description of the preferred embodiment under 
the present invention will now be provided. As will become 
apparent, the present invention utilizes certain surgical 

10 methods and tools disclosed more fully in U.S. Patent 
No. 5^489^307 incorporated herein by reference. 

With initial reference 'to FIG. 18, a healthy 
spine is schematically shown to :illustrate lordosis in the 
spine. As shown in the example of FIG. 18, the end plates 

15 102,103 of vertebrae L-2 and L-3 are in parallel alignment. 
Similarly, the end plates lOa' and IO4 of vertebrae L-3 and 
L-4 are in parallel alignment. However, the end plates 
IO4' and IO5 of vertebrae L-4 and L-5 are at a 3** angle 
with the widest separation on the anterior. A, side of the 

20 spine and the narrowest separation on the posterior, P, 

side of the spine. Similarly, the end plates lOs* and lOi 
of vertebrae L-5 and S-1 are at an 8^ angle (with the 
widest separation on the anterior side of the spine) . It 
will be appreciated that the examples given are 

25 illustrative only. The actual degree of lordosis will vary 
from patient to patient and within the region of the spine. 

Where a physician determines that spinal fusion 
is desired between lordotically separated vertebrae, the 
present invention is directed to an apparatus and method 

30 for fusing the opposing vertebrae while maintaining 

lordosis. Further, where an attending physician determines 
that fusion is desirable and further determines that 
increased lordosis is desirable, the present invention is 
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directed towards an apparatus and method for both fusing 
the spine and for increasing the amount of lordosis between 
the vertebrae to a degree of separation determined by the 
attending physician. The present invention will be 
5 described in application to the latter example illustrated 
in FIG. 19 where the end plates lOs* and lOi of opposing 
vertebrae L-5 and S-1 ar.e parallel and a physician 
determines that an 8® lordosis is desirable in addition to 
placing a fusion implant between the vertebrae. 

10 A. Implant . 

With initial reference to FIGs. 1-6, an implant 
20 according to the present invention is shown. The 
implant 20 has a longitudinal axis X-X extending from a 
leading end 22 to a trailing end 24. 

15 The implant 20 has a substantially f rusto-conical 

shape with a conical angle a equal to a desired lordosis 
between the vertebrae into which the implant 20 is to be 
placed- In the example given, angle a is 8**. However, it 
will be appreciated that such implants 20 will be available 

20 in a wide variety of sizes. For example, such implants may 
be provided having angles a ranging from 1® to 20® in 1° 
increments to permit an attending physician to select a 
desired implant to attain a desired lordosis'. Further, 
such implants can be provided in varying sizes (i.e., the 

25 diameters of the implants) to accommodate desired 

distraction and lordosis between opposing vertebrae. 

The implant 20 has helical threads 26 surrounding 
the conical surface of the implant 20. Shown best in 
FIG. 6, the threads 26 are generally square in cross- 

30 section with their flat outer peripheral surfaces 26a set 
at an angle of one-half a with respect to the longitudinal 
axis X-X and define valleys 28 between the threads 26. 
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At the leading end 22, the implant has a major 
diameter Dm measured between diametrically opposite outer 
radial surfaces 26a of the threads 26 at the leading end 
22. At the leading end 22, the implant 20 has a minor 
5 diameter Db measured as the distance across the implant 20 
between the valleys 28 of the thread pattern 26. 

At the trailing end 24, the implant 20 has a. 
major diameter D'm measured between diametrically opposite 
outer radial surfaces 26a of threads 26 at the trailing end 
10 24. Finally, at the trailing end 24, the implant 20 has a 
minor diameter D'n measured between diametrically opposite 
valleys 28 at the trailing end 24. 

For purposes of illustration, representative 
sizings of the implant 20 will have a leading end major 
15 diameter Dm of about .56 inches and a minor diameter Dm at 
the leading end 22 of about .46 inches. At the trailing 
end 24, the major diameter D'm is about .69 inches and the 
minor diameter D'm is about .59 inches. The length L 
(FIG. 4) of the implant (measured from the leading end 22 
20 to the trailing end 24) is about .95 inches. Again, it 
will be appreciated that the foregoing dimensions are 
illustrative only and the sizing can vary to accommodate a 
surgeon's selection of a desired sizing for -placement into 
a disk space. 

25 The implant 20 is hollow to present a hollow 

implant interior 30. FIG. 4 illustrates a top side of the 
implant 20. As shown, the implant includes axially aligned 
holes 32 extending through the conical wall of the implant 
into communication with the interior 30. The holes 32 are 

30 provided on diametrically opposite sides of the implant 
(i.e., the side of the implant opposite that shown in 
FIG. 4 is identical to that shown in FIG. 4). The holes 32 
therefore extend completely through the implant 20 to 
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define a hollow column through which bone may grow from 
opposing vertebrae after the implant is placed between the 
vertebrae and with the holes 32 facing the vertebrae • 

The holes 32 on a given side (such as that shown 
5 in FIG. 4) are separated by a central reinforcing rib 34. 
Further, a reinforcing rib 36 is provided at the leading 
end. 22 and a reinforcing rib 38 is provided at the trailing 
end 24 to resist compression forces on the implant 20 after 
it is placed between opposing vertebrae- 

10 The trailing end 24 is provided with an axially 

positioned threaded bore 40, the purposes of which will be 
described. The leading end 22 is provided with an oval 
bore 42 having its major axis aligned with the opposing 
holes 32. Bone chips or other bone growth inducing 

15 substances may be placed into the interior of the implant 
20 to promote fusion following placement of the implant 20 
between opposing vertebrae. 

As best illustrated in FIGs. 1-3, the thread 
pattern 26 is not continuous. Instead, the sidewalls of 

20 the implant 20 are provided with cutouts 44,44' on the 
sides of the implant which are 90® offseit from the sides 
containing the holes 32. The cutouts 44, 44* present flat 
sidewalls 44a, 44a' recessed inwardly from a cone defined 
by the threads 26. The sidewalls have holes 31 

25 therethrough in communication with interior 30. 

As best illustrated in FIGs. 2 and 3, the cutouts 
44,44' are at angles p,P' for purposes that will become 
apparent. In a representative example, p is 65"* and P' is 
62®. 

30 B. DISTRACTION SPACER AND INSERTION TOOL . 

For use in placing the implant 20 between 
opposing vertebrae, a distraction spacer 50 is used. The 
distraction spacer 50 is shown in FIG. 7. The distraction 
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spacer 50 is generally conical and has a main body portion 
52 with a conical angle a' equal to the angle a of the 
implant 20. Accordingly, a kit containing numerous sized 
angles for an implant 20 may contain numerous sized 
distraction spacers with a' matching the implants 20. 

Leading end 54 is provided with an additional 
taper to permit ease of insertion of the distraction spacer 
50 into a disk space. Near the trailing end 58^ the 
distraction spacer 50 includes an annular groove 60 to 
permit a surgeon to grasp the distraction spacer 50 if 
needed. The main body 52 is provided with a knurling 62 
such that the distraction spacer '50 resists undesired 
movement following placement of the distraction spacer 50 
into a disk space. The trailing end 58 is provided with an 
internally threaded axial bore 64 for attachment of a 
placement tool as will be described. 

' The distraction spacer 50 is sized to have an 

outer conical surface substantially equal to a conical 
surface defined by the minor diameters of the implant 20. 
Namely, at the trailing end 58, the diameter of the 
distraction spacer 50 is approximately equal to the 
trailing end minor diameter D'm of the implant 20. The 
distraction spacer is symmetrical about its -longitudinal 
axis X'-X' and has an axial length L" approximate to the 
length L of the implant and sized for the distraction 
spacer 50 to be fully inserted into the disk space without 
protruding beyond the vertebrae. 

FIG. 7A illustrates a tool 300 for placing plug 
50. The tool 300 has a shaft 302 with a handle 304 at a 
proximal end. A threaded stud 303 is provided at the 
distal end. The stud 303 is threadedly received within 
bore 64 of plug 50 to axially align the longitudinal axes 
of the plug 50 and shaft 302. 
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C. BORING TOOL . 

FIG, 8 illustrates a pre-boring tool 70 for 
initial boring of the vertebrae prior to insertion of the 
implant and prior to tapping for the implant 20. The pre- 
boring tool 70 includes a shaft 71 having a tapered cutting 
head 72 (tapered at angle a) at a distal end of the tool 
70. ■ 

A proximal end of the shaft 71 is provided with a 
stop flange 73 for limiting insertion of the boring tool 70 
into a guiding drill tube (not shown) . The shaft 71 
includes enlarged diameter portions 74 to be in close 
tolerance with the internal diameter of a drill tube to 
ensure that the tool 70 does not have relative radial 
movement to a drill tube as the tool 70 is being axially 
advanced within a drill tube. 

The cutting head 72 is provided with cutting 
teeth 75 to cut a tapered bore as the tool is rotated about 
its longitudinal axis X''-X''. The teeth 75 are sized to 
cut a bore having a leading end diameter equal to the 
leading end minor diameter Dm of the implant 20 and a 
trailing end diameter equal to the implant's trailing end 
minor diameter Dm. The distal end of the cutting head 72 
is provided with an axially extended threaded bore 76 to 
receive a guide pin such as those shown as item 64 in 
FIG. 56 of the aforementioned U.S. Patent No. 5,489,307 
attached to pre-boring tool 112 in the '307 patent. 

Such a guide pin is shown in. FIG. 10. The pin 
200 has a tapered body 202 tapered at angle a with an 
axially extending stud 203 to be received within bore 76. 
A leading end 204 is provided with flutes 206 to remove 
disk material as the guide pin 200 is advanced. The 
selected guide pin 200 will have a diameter, D^, equal to 
about 3 millimeters less than the diameter of a bore being 
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cut by cutting head 72. A leading end diameter, D^, is 
equal to the leading end diameter of the distraction spacer 
50. 

D. TAP . 

FIGs. 11-13 illustrate a novel tap 80 for use in 
the method of the present invention. The tap 80 includes a 
shaft 81 having an axis X*''-XV'. A distal end of the 
shaft 81 is provided with a tapping head 82. 

A proximal end of the shaft 81 is provided with 
stop flange 83 for limiting insertion of the tap 80 into a 
guiding drill tube (not shown) . The shaft 81 includes 
enlarged diameter portions 84 sized to approximate an 
internal diameter of a guide tube (not shown) to ensure no 
relative radial movement of the tap 80 relative to a drill 
tube as the tap 80 is being axially advanced through a 
drill tube. 

The novel tapping head 82 includes a hollow 
interior 86 with a closed axial or distal end 88. A thread 
pattern 90 surrounds the tapping head 82 but is spaced from 
the axial end 88 by an unthreaded guide tip 92. 

Illustrated best in FIG. 13, the threads 90 are 
V-shaped in cross-section and extend from flat valleys 94 
to pointed thread tips 96. The valleys 94 define a conical 
surface having an internal angle a* ' equal to the angle a 
of implant 20. Similarly, the tips 96 define a conical 
surface having an internal conical angle equal to a. The 
depth of the threads 96 (i.e., the distance between the 
tips 96 and the valleys 94) is equal to the depth of the 
threads 26 (i.e., the distance between the surfaces 26a and 
the valleys 28) of the implant 20. 

The guide tip 92 is cylindrical and has a 
diameter Dt equal to the leading end minor diameter Dm of 
implant 20. The starting thread 90' accordingly has a 
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minor diameter of the same size as the minor diameter Dm of 
the starting thread of the implant 20. Also, starting 
thread 90' has a major diameter equal to the leading end 
major diameter Dm. The ending thread 90'' has a minor 
diameter equal to the trailing end minor diameter D'^ of 
implant 20. Further, the ending thread 90'' has a major 
diameter equal to the major diameter D'm of the implant 20. 
The threading has a length Lt equal to the length L of the 
implant 20. Accordingly, the thread pattern 90 is 
identical in sizing and angles to the thread pattern 26 of 
implant 20 except for the cross-section profile with 
threads 96 being V-shaped and with threads 26 being 
generally square in cross-section {best illustrated 
comparing FIG. 6 and 13) . 

With reference to FIGs. 11 and 12, the thread 
pattern 96 includes three cutouts 100 to define cutting 
edges 102 to permit the threads 96 to tap a thread pattern 
as the cutting head is rotated in a counterclockwise 
direction in the view of FIG. 12. Channels 104 are 
provided from the cutouts 100 and extending into 
communication with the hollow interior 86. The channels 
104 define pathways to permit debris formed by the tapping 
to be accumulated within the interior 86. Further, 
additional channels 106 are provided in the valleys 94 
between opposing threads. The channels 106 further extend 
into communication with the interior 86 to provide 
additional pathways for debris to flow into the interior 
86. Accordingly, during tapping with the tool 80, debris 
formed by the tapping is accumulated within the interior 
86. Due to the closed end 88, the debris is retained 
within the interior 86 when the tap 80 is removed from the 
disk space. 
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E. IMPLANT DRIVER , 

FIGs. 14-17 illustrate a driver 110 for use in 
placing an implant 20 into a prepared space. The driver 
110 includes a shaft 112. A distal end of the shaft 112 is 
provided with a driving head 114, A proximal end of the 
shaft 112 is provided with a handle 117, 

The shaft 112 is hollow throughout its length 
defining an axially extending bore 113. The handle 117 
includes a large diameter recess 115 and a narrower 
diameter recess 119. Recess 119 is threaded for reasons 
that will become apparent. 

The driving head 114 iricludes axially extending 
gripping prongs 116,116'. The gripping prongs 116,116' are 
diametrically opposed and are positioned and shaped to be 
complementary to the cutouts 44,44', respectively of the 
implant 20. The side edges 116b' define an angle p* 
slightly less than angle P while the side edges 116b define 
an angle P* ' slightly less than angle P' . For example, 
with reference to the dimensions given for P and P' in 
FIG. 2, the angle p* is about 63"* and the angle P*' would 
be about 60® to permit minor relative rotational movement 
of the prongs 116,116' within the cutouts 44,44'. 

As illustrated best in FIG. 17, the prongs 
116,116' include threads 118 positioned and shaped to 
complete the thread pattern 26 of the implant 20. Namely, 
the implant 20 may be placed in the driving head 114 with 
the trailing end 24 abutting the end 112a of the shaft 112 
and with the leading end 22 flush with the ends 116a, 116a' 
the prongs 116,116'. As a result, when the implant 20 is 
placed within the driving head 114, the prongs 116a, 116a' 
cover the sidewall openings 31 of the flat sidewalls 44a, 
44a' of the implant 20 such that the implant 20 together 
with the prongs 116,116' define a continuous externally 
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threaded f rusto-conical shape and with the threads 26 
aligned with the threads 118 to define a continuous thread 
pattern. 

In FIG. 15A, a tool 800 is shown to hold implant 
5 20 in driver 110. The tool 800 has a shaft 802, a handle 
806 and a threaded end 804. End 804 is threaded into the 
bore 40 of an implant 20 placed between prongs 116, 116'. 
When so positioned, the handle 806 is seated within recess 
115 and shaft 802 extends through bore 113 to securely and 
10 releasably affix implant 20 within driver 110. 

FIG. 15B shows a tool 900 for separating the 
implant 20 from the driver 110. With tool 800 removed from 
bore 113, the shaft 906 of tool 900 is placed in bore 113. 
The blunt end 904 abuts the trailing end 24 of the implant 
15 20. A threaded portion 908 engages the threads of bore 
119. By turning handle 902, the blunt end 904 urges the 
implant 20 out from between prongs 116, 116'. 



F. SURGICAL METHOD . 

20 Having thus described the novel implant 20, 

distraction spacer 50 and tools 70, 80, 110, the method of 
the present invention will now be described. 

With reference to FIG. 19, an L-5 jind S-1 
vertebrae are shown with a diseased disk space 130 between 

25 the opposing end plates 10 '5 and lOi.^ For ease of 

illustration, disk material is not shown within the disk 
space 130. In the example of FIG. 19, the end plates 10 '5 
and lOi are in parallel alignment and are to be distracted 
(i.e., separated) as well as being provided with a desired 

30 lordosis which in the example is 8*^. 

As illustrated in FIG. 24 (which is a view from 
the anterior to the posterior) , a sagittal plane S divides 
the vertebrae into a left side L and a right side R. A 
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preferred surgical approach is an anterior approach 
performed laparoscopically. Procedures such as removal of 
disk material are not described or illustrated and are 
known in the art. 

A selected distraction spacer 50 (i.e., a 
distraction spacer sized and provided with a conical angle 
selected by the physician to attain a desired distraction 
and lordosis) is attached to tool 300 with the shaft 
threaded into the threaded bore 64. The distraction spacer 
50 is forced into space 130 on the left side until the 
distraction spacer 50 is fully received within the disk 
space such that the end 58 does not protrude out of the 

4 

disk space. The tool 300 is then unthreaded from the 
distraction spacer 50 and removed through the drill tube 
leaving the distraction spacer in place. 

With the examples given, the distraction spacer 
50 urges the disks L-5 and S-1 apart by reason of the 
conical surface of the distraction spacer urging against 
the end plates 10* 5 and lOi. In addition to distracting 
the vertebrae L-5 and S-1, the distraction plug 50 induces 
a desired lordosis of 8*" to the vertebrae L-5 and S-1 as 
illustrated in FIG. 20. 

Leaving the distraction spacer 50 dn place, a 
drill tube (not shown but which may be such as that shown 
in U.S. Patent No. 5,489,307) is placed on the right side 
of the disk space 130 • A bore is then formed partially 
into the opposing vertebrae L-5 and S-1 as illustrated in 
FIG. 21. To form the bore, the pre-boring tool 70 with an 
attached guide pin 200 is first inserted into drill tube. 
The guide point acts against the opposing surfaces of the 
end plates IO5', 10, to initially centrally align the 
boring tool 70 within the disk space 130. 
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By rotating the pre-boring tool 70, the cutting 
head 72 cuts an initial depth of a bore into the vertebrae 
L-5, S-1. Due to guide 200, a bore is cut by head 72 only 
about 50% of the way into the disk space. 

It will be appreciated that pre-boring tools such 
as tool 70 having guide pins to initially form a bore 
between opposing vertebrae is not part of this invention 
per se and is disclosed and described in U.S. Patent 
No. 5,489,307. The '307 patent further discloses forming a 
final bore with a final boring tool. Since the vertebrae 
L~5 and S-1 are distracted with a lordosis of 8^ and the 
boring tools having cutting heads which are tapered, a bore 
is only partially cut into the vertebrae by the pre-boring 
tool with no bore formation at the posterior ends of the 
vertebrae L-5, S-1. The posterior end will be 
simultaneously bored and tapped by the debris retaining 
tap. 

After the formation of the desired bore by the 
boring tool 70, the tap 80 is inserted into the drill tube 
as illustrated in FIG. 22. The minor diameter of the 
threads of the tap 80 will be substantially equal to the 
spacing of the end plates such that the V-shaped threads 90 
of the tap only cut into the end plates lOs^ 10/ as 
illustrated in FIG, 22. 

Since the tap 80 is provided with a conical angle 
substantially equal to the angled separation of the 
distracted vertebrae, the tap 80 forms a tapped bore 
between the vertebrae L-5, S-1 with a thread pattern 
matching the thread pattern of the implant 20, After 
removal of the tap, debris formed in the tapping process is 
removed from the disk space 130 by reason of the debris 
being captured within the interior 86 of the tapping head 
82. 
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With the tapping operation complete, the implant 
20 is inserted into the distal end of the driver 110 and 
retained therein by tool 802. The implant 20 is filled 
with bone or other suitable bone growth inducing substance. 
The driver 110 and attached implant 20 are then inserted 
through the drill tube and threadedly urged into the pre- 
tapped bore between the vertebrae L-5 and S-1. 

As mentioned/ the pre-tapped bore matches the 
size and thread pattern of the implant 20 except only that 
the pre-tapped threads of the bore are V-shaped and the 
threads 26 of the implant 20 are square in cross-section. 
By reason of this difference in geometry of the threads, 

4 

forcing the square cross-section; threads 26 of the implant 
into the V-shaped tapped threads causes material of the 
vertebrae to be compressed as the implant is inserted into 
the disk space 130. This compression further increases 
distraction and securely lodges the implant 20 within the 
disk space 130 to prevent undesired movement of the implant 
20 relative to the vertebrae. 

Rotation of the implant and driver within the 
disk space is continued until the implant 20 is fully 
inserted within the disk space 130 and the prongs 116, 116a • 
are aligned with the disk space 130. With the prongs 116, 
116a' so aligned, the holes 32 directly oppose the bone of 
the vertebrae L-5, S-1. The implant 20 and boring and 
tapping tools 110, 80 are sized such that the tapping 
exposes the cancellous bone of the vertebrae to encourage 
bone growth from the vertebrae through the implant and in 
communication with any bone growth inducing substance 
placed within the interior 30 of the implant. Also, the 
threads 26 of the implant 20 will be opposing and retained 
within the cortical bone of the vertebrae L-5, S-1 to 
resist subsidence of the implant 20 into the vertebrae. 
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With the implant finally positioned, the driving 
tool 110 is removed by axially pulling on the tool. Due to 
frictional forces, the driving tool 110 may resist removal. 
In such an event, the removal tool 900 may be inserted 
within the bore 113 forcing separation of the tool 110 from 
the implant 20 to facilitate ease of removal. 
FIG. 24 illustrates an implant 20 inserted between the 
vertebrae L-5, S-1 on the right side and with a distraction 
spacer 50 still in place on the left side. After insertion 
of an implant 20 on a right side, the guide tube may be 
moved to the left side. The distraction spacer 50 may then 
be removed and the left side may be prepared for implant 
insertion by boring and tapping as described above and a 
second implant may be placed in the left side. 

V. DESCRIPTION OF ALTERNATIVE IMPLANT AND 
DISTRACTION SPACER EMBODIMENTS 

A. IMPLANT 

Referring to FIGs. 25-30, another embodiment of 
an implant is shown. The implant 400 can be used with the 
tools and methods described above. According to this 
embodiment, the implant 400 has a first and second taper 
and a longitudinal axis X-X extending from a leading end 
401 to a trailing end 402. The trailing end 402 of the 
present embodiment comprises a ^^trailing end rise" (TER) 
403 and a terminal end 404. The first taper of implant 
400 diverges from the axis from the leading end 401 to the 
trailing end rise 403 of the trailing end 402. The second 
taper diverges from the axis from the terminal end 404 to 
the TER 403. The trailing end rise is the region of 
greatest diameter of the implant 400. As described below. 
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the second taper provides implantation advantages for the 
surgeon as well as increased safety for the patient. 

The bi-tapered implant 400 includes leading end 
401 having a first taper providing a substantially frusto- 
conical shape with a conical angle a equal to a desired 
lordosis between selected vertebrae. The angle a of the 
illustrated embodiment, measured from the leading end 401 
to the TER 403 is 8°, however, as described for other 
embodiments of the invention, the implants will be 
available with a variety of angles and sizes. 

Referring to Fig 25, leading end 401 has a major 
diameter Dm measured between dianjetrically opposite outer 
radial surfaces 405a of the threads 405 at the leading end 
401. The leading end 401 also has a minor diameter D„ 
measured between diametrically opposite inner radial 
surfaces 408a of the valleys 408 of the thread pattern 405 
of implant 400. 

At the trailing end 402, the implant 400 has a major 
diameter D'm measured between diametrically opposite outer 
radial surfaces 405b of threads 405 at the trailing end 
rise 403. The trailing end 402 also has a minor diameter De 
measured across terminal end 404. 

The second taper of implant 400 has a second 
angle, 6, extending from the terminal end 404 to the TER 
403. The angle 5 will vary with the diameter D'm of the 
TER 403, the diameter De of the terminal end 404, and the 
longitudinal distance Le therebetween. In the illustrated 
embodiment, the diameter De of the terminal end 404 is 
equal to the major diameter Dm of the leading end 401. 

The longitudinal distance Le can be about 5% to 
25% of the overall length L of the implant. Generally, Le 
is less than 15% of the overall length L, typically about 
8-10%. 
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It will be appreciated that the slope ''m'^ of the 
second taper, relative to the longitudinal axis X-X, can be 
calculated by the equation: 

D'm - De / Le 

5 In the illustrated embodiment, m is about 1 (45**). 

However, the actual slope dimension in can vary, typically, 
between .58 (30^) and 1.73 (60^). 

The helical threads 405 can extend along the 
second taper as illustrated at 406 of FIGs. 25-27. 

10 Alternatively, as illustrated in FIG. 28, the threads 405 
can stop at the terminal rise 403 and the second taper 
comprise a flat 410, undulating or other non-thread bearing 
surface, from trailing end rise 403 to terminal end 404. 
FIGs. 29 and 30 illustrate the terminal end and leading 

15 end, respectively, of implant 400. Other features 

described for the implant embodiment 20 are also applicable 
to implant 400. 

The second taper of implant 400 provides 
installation advantages for the surgeon and enhanced safety 

20 features for the patient. For the surgeon, the trailing 
end taper allows a greater margin of error in the desired 
length of the bore formed for inserting the implant. That 
is, in some circumstances, if the length of the bore formed 
is less than the length of the implant, the tapered 

25 trailing end 402 permits insertion of implant 400 into the 
"short" bore without leaving a trailing end exposed beyond 
the surface of the vertebrae that has a sharp or abrupt 
edge. In addition, once implanted during surgery, the 
tapered trailing end of implant 400 facilitates re-engaging 

30 the implant driver to adjust the anterior /posterior 
position of the implant. 

For patient safety, once placed between the end 
plates of opposing vertebrae, should the implant 400 back 
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out or become displaced^ the second taper at the trailing 
end reduces the likelihood that the trailing end would 
erode through major blood vessels, the peritoneum or other 
structures surrounding the implanted device • 

DISTRACTION SPACER 
FIGs. 31-36 illustrate additional embodiments of 
a distraction spacer ("plug") suitable for use with 
lordotic implants or non-tapered type implants. FIG. 31 is 
a side elevation view of a ramp distraction spacer 250^ the 
opposite side being identical in appearance. The spacer 
250 has a main body portion 252 with a leading end 253. 

4 

The ramp surface 254 of spacer 250 is shown in FIG. 31. In 
transverse cross section, the region of the main body 252 
and leading end 253 between the ramp surfaces 254 can be 
arcuate. It will be appreciated that ramp surface (s) 254 
includes knurls 255 to reduce the chance of undesired 
movement following placement of distraction spacer 250 into 
a disk space. 

Fig 32 is a right side elevation of the 
distraction spacer 250 rotated 90** around longitudinal axis 
X'-X* from the view in FIG. 31- The opposite side of the 
view of FIG. 32 is identical in appearance. -A front view 
of the tapered surface 256 of the leading end 253 is shown 
in FIG. 32. The relationship of the ramp surfaces 254 and 
the tapered surfaces 256 at the leading end 253 is 
illustrated in FIG. 33. It will be appreciated that the 
leading end tip 257 need not be circular but can, for 
example, be oval in shape. 

The ramp surfaces 254 of the distraction spacer 
250 are symmetrically opposed about the longitudinal axis 
X'-X' and form a ramp angle of y. The angle y and leading 
end tip 257 size are selected to permit ease of insertion 
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of the distraction spacer 250 into the disk space. The 
distraction spacer is sized to have a main body 252 outer 
diameter Do substantially equal to the midline disk height 
of a healthy disk in the patient being treated. The axial 
length L' of the distraction spacer 250 is approximate to 
the length L of the implant and sized for the distraction 
spacer 250 to be fully inserted into the disk space without 
protruding beyond the vertebrae. 

Leading end 253 can also include a bore 260 which 
passes through opposing tapered surfaces 256. The bore 260 
provides for insertion of pin 351 of T-device 350 
illustrated in FIG. 37. T-device 350 can facilitate 
removal of the spacer 250 from, for example, tool 300 
illustrated in FIG. 7A. The T-device 350 also includes a 
handle 352 for grasping the device. 

Near the trailing end 270, the distraction spacer 
250 includes an annular groove 261 to permit a surgeon to 
grasp the distraction spacer if needed. The trailing end 
270 is provided with an internally threaded axial bore 272 
for attachment of a placement tool 300. 

FIG. 34 is a side elevation view of another 
embodiment of a ramp distraction spacer 500, the opposite 
side being identical in appearance. The spacer 500 has a 
main body portion 501 with a leading end 502. FIG. 35 is a 
side elevation view of the distraction spacer 500 rotated 
90® around longitudinal axis X'-X' from the view in FIG. 
34, the opposite side of the view being identical in 
appearance. FIG. 35 illustrates the ramp surface 503 of 
spacer 500 including knurls 510. It will be appreciated 
that the embodiment of distraction spacer 500 does not 
include the annular groove 261 present in distraction 
spacer 250 (see FIGs. 31-33). 
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The relationship of the tapered surface 504 of 
leading end 502 and ramp surfaces 503 are illustrated in 
the front end view of FIG, 36. A bore 505 may also be 
present for operation of T-device 350. The leading end tip 
508 of the illustrated embodiment of implant 500 is 
circular. 

As discussed above, a kit containing numerous 
sized implants can be provided with numerous sized 
distraction spacers having various ramp angles. 

With the invention as described, implants may 
maintain or increase lordosis. Further, the present 
invention permits formation of a 'tapped hole while removing 

4 

debris which would otherwise obstruct implant insertion. 
With the present invention, precise identity of depth of 
insertion of an implant on the left and the right side need 
not be attained, permitting greater versatility and 
tolerance of the method of the present invention to 
inaccuracies. 

Having disclosed the invention in a preferred 
embodiment r modifications and equivalents of the disclosed 
concepts may occur to one skilled in the art. It is 
intended that the scope of the present invention not be 
limited to the specific embodiments disclosed, but shall 
include such modifications and equivalents. 
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